INTRODUCTION
============

Recently, many investigators, notably Kehlet\'s group in Denmark, have devised the novel concept of "multimodal rehabilitation" or "fast-track surgery" for the management of surgical patients \[[@B1]\]. Fast-track surgery, also known as enhanced recovery after surgery (ERAS), aims to reduce surgical stress and enhance postoperative recovery by implementing evidence-based practices in the management of surgical patients. The hallmark of ERAS lies in its comprehensive nature that encompasses the entire process of perioperative management, including preoperative patient education, anesthesia and analgesia, operation, nutrition, and hospital discharge. Several studies have indicated that ERAS can reduce postoperative complications and hospital stay, particularly in patients undergoing colorectal surgery \[[@B2][@B3]\].

Previous studies about the efficacy of ERAS mostly originated from colorectal surgery, which was performed by the investigators who had initially developed the concept of ERAS \[[@B2][@B3][@B4]\]. More recently, several randomized trials and their systemic reviews have demonstrated the clinical benefits of ERAS in other abdominal procedures, including gastrectomy \[[@B5][@B6]\]. However, despite the clinical benefits of ERAS, its implementation in real practice has been relatively slow for several reasons, such as lack of convincing data, low level of awareness about ERAS, or limitations in institutional experience and systems \[[@B7][@B8]\].

Gastric cancer surgery is one of the most widely performed operations in South Korea, and the surgical technique is highly standardized among gastric surgeons. However, the protocol for perioperative management of gastric cancer surgery is still heterogeneous among various institutions. Currently, there are no nationwide data that reflect the current status of perioperative care for gastric cancer surgery in South Korea. Therefore, in an effort to standardize perioperative care, we carried out a nationwide survey to investigate the current status of implementation of ERAS protocols in gastric cancer surgery in South Korea.

MATERIALS AND METHODS
=====================

This survey was intended for gastric surgeons who specialize in gastric cancer surgery and are currently working at referral hospitals that maintain specialized upper gastrointestinal units. Using the membership database of the Korean Gastric Cancer Association and through an internet search, we found 161 gastric surgeons from 76 institutions who were eligible for this survey.

The questionnaire of this survey consisted of 24 questions, including 3 questions about personal information of the respondents and 2 questions about their knowledge level regarding ERAS; the remaining questions investigated the implementation of the ERAS protocols in the management of patients undergoing gastric cancer surgery ([Supplementary Table 1](#S1){ref-type="supplementary-material"}).

The questionnaire was constructed in an electrical form and sent via email, from which the surgeons could directly enter the linked site and fill out the questionnaire on the internet. The survey was conducted for 2 months between January and February 2017. Of 161 surgeons to whom the survey was sent, 89 (55.3%) surgeons from 52 institutions finally responded. We analyzed the implementation of each ERAS protocol, dividing it into three phases: preoperative, intraoperative, and postoperative management.

RESULTS
=======

The characteristics of the respondents are summarized in [Table 1](#T1){ref-type="table"}. The most common age group was 40--49 years (56.2%), followed by 50--59 years (20.2%), and 30--39 years (18.0%). About half the respondents (51.7%) were experienced in the field of gastric cancer surgery for ≥11 years, and 55.1% answered that they handle ≥100 cases of gastric cancer surgery per year. Regarding their understanding of ERAS, 58 (65.2%) surgeons responded that they were well versed with the concept and details of ERAS, and 45 (50.6%) of them were currently applying ERAS for their patients ([Fig. 1](#F1){ref-type="fig"}). With regard to the types of operations, laparoscopic distal gastrectomy was the most common procedure (42 of 45 respondents) for which ERAS was being applied ([Fig. 2](#F2){ref-type="fig"}).

###### Characteristics of respondents
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  Characteristics                                  Value (n=89)   
  ------------------------------------------------ -------------- -----------
  Age group (yr)                                                  
                                                   20--29         1 (1.1)
                                                   30--39         16 (18)
                                                   40--49         50 (56.2)
                                                   50--59         18 (18)
                                                   ≥60            6 (6.7)
  Working experience (yr)                                         
                                                   ≤5             9 (10.1)
                                                   6--10          34 (38.2)
                                                   11--15         23 (25.8)
                                                   16--20         8 (9)
                                                   ≥21            15 (16.9)
  Average No. of gastric cancer surgery (per yr)                  
                                                   ≤50            23 (25.8)
                                                   51--100        17 (19.1)
                                                   101--150       21 (23.6)
                                                   151--200       9 (10.1)
                                                   201--250       7 (7.9)
                                                   251--300       5 (5.6)
                                                   ≥301           7 (7.9)

Values are presented as number (%).

![Level of understanding about ERAS (A) and application of ERAS (B).\
ERAS = enhanced recovery after surgery.](jgc-19-72-g001){#F1}

![Application of ERAS according to the type of operation.\
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[Table 2](#T2){ref-type="table"} represents the implementation of the ERAS protocols in the preoperative period. Most of the respondents (91.0%) answered they were providing preoperative education and counseling for patients. In total, 52 (58.4%) respondents did not perform routine preoperative mechanical bowel preparation, as recommended by the ERAS protocol. As for preoperative fasting, 61 (68.5%) respondents kept patients nil by mouth since the midnight before surgery. Only 9 (10.1%) respondents administered preoperative carbohydrate-rich drinks to patients.

###### Implementation of ERAS protocols during preoperative period
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  Characteristics                                            Value (n=89)    
  ---------------------------------------------------------- --------------- -----------
  Preoperative patient education and counselling             81 (91)         
  Avoidance of preoperative mechanical bowel preparation     52 (58.4)       
  Preoperative fasting (day before surgery)                                  
                                                             Whole day       3 (3.4)
                                                             From lunch      12 (13.5)
                                                             From dinner     13 (14.6)
                                                             From midnight   61 (68.5)
  Administration of carbohydrate-rich drink before surgery   9 (10.1)        

Values are presented as number (%).

ERAS = enhanced recovery after surgery.

[Table 3](#T3){ref-type="table"} represents the implementation of the ERAS protocols in the intraoperative period. During the operation, 71 (79.8%) respondents ensured maintenance of intraoperative normothermia. Avoidance of routine use of abdominal drainage and nasogastric tube were followed by 28 (31.4%) and 68 (77.3%) respondents, respectively. For pain control, intravenous analgesia was the most common method (80.7%), while epidural anesthesia was performed by only 14 (15.9%) respondents. Thromboprophylaxis was performed by most surgeons (95.5%), and mechanical devices, such as an intermittent pneumatic compression device, were more frequently used than low-molecular-weight heparin. Intravenous goal-directed fluid management was performed by only four (4.5%) respondents.

###### Implementation of ERAS protocols during operation
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  Characteristics                                 Value (n=89)                                
  ----------------------------------------------- ------------------------------------------- -----------
  Maintaining intraoperative normothermia         71 (79.8)                                   
  Abdominal drainage                                                                          
                                                  No insertion                                9 (10.1)
                                                  Selective insertion                         19 (21.3)
                                                  Routine insertion                           61 (68.5)
  Nasogastric tube insertion                                                                  
                                                  No insertion                                63 (71.6)
                                                  Selective insertion                         5 (5.7)
                                                  Routine insertion                           20 (22.7)
  Pain control                                                                                
                                                  Epidural analgesia                          14 (15.9)
                                                  Intravenous analgesia                       71 (80.7)
                                                  Others                                      3 (3.4)
  Thromboprophylaxis                                                                          
                                                  None                                        4 (4.5)
                                                  Low-molecular-weight heparin                30 (33.7)
                                                  Compression stocking                        60 (67.4)
                                                  Intermittent pneumatic compression device   57 (64.0)
  Intraoperative goal-directed fluid management   4 (4.5)                                     
  Prophylactic antibiotics                                                                    
                                                  Intraoperative single use                   17 (19.3)
                                                  On operation day                            36 (40.9)
                                                  Until POD 1                                 30 (34.1)
                                                  Until or beyond POD 2                       5 (5.6)

Values are presented as number (%).

ERAS = enhanced recovery after surgery; POD = postoperative day.

[Table 4](#T4){ref-type="table"} represents the implementation of the ERAS protocols in the postoperative period. As for postoperative oral nutrition, only 13 (14.8%) respondents answered that they provided postoperative oral nutrition on postoperative day (POD) 1; 72 (80.9%) respondents were still using prolonged prophylactic antibiotics after surgery. Implementation of early active mobilization (94.4%) and early removal of urinary catheter (67.4%) were practiced relatively frequently. In total, 51 (57.3%) respondents answered that they were using discharge criteria to make the decision of discharge from the hospital. The most common average hospital stay was until POD 7 to POD 8, after both distal and total gastrectomy.

###### Implementation of ERAS protocols during postoperative period
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  Characteristics                                             Value (n=89)       
  ----------------------------------------------------------- ------------------ -----------
  Postoperative high-oxygen therapy                           32 (36.0)          
  Postoperative diet initiation (distal gastrectomy)                             
                                                              POD 1              13 (14.9)
                                                              POD 2              30 (34.5)
                                                              POD 3              22 (25.3)
                                                              ≥POD 4             17 (19.9)
                                                              Upon gas passage   4 (5.0)
  Postoperative diet initiation (total gastrectomy)                              
                                                              POD 1              13 (14.8)
                                                              POD 2              18 (20.5)
                                                              POD 3              21 (23.9)
                                                              ≥POD 4             28 (31.8)
                                                              Upon gas passage   8 (9.1)
  Duration of intravenous fluid administration                                   
                                                              Until POD 2        5 (5.7)
                                                              Until POD 3        22 (25.0)
                                                              Until POD 4        24 (27.3)
                                                              Until POD 5        26 (29.5)
                                                              ≥Until POD 6       11 (12.5)
  Amount of daily intravenous fluid (for a 70-kg adult; mL)                      
                                                              \<1,500            8 (9.0)
                                                              1,500--2,500       40 (44.9)
                                                              2,500--3,500       38 (42.7)
                                                              \>3,500            3 (3.4)
  Early active mobilization                                   84 (94.4)          
  Early removal of urinary catheter on POD 1                  61 (68.5)          
  Application of discharge criteria                           51 (57.3)          
  Average hospital stay (distal gastrectomy)                                     
                                                              POD 3--4           1 (1.1)
                                                              POD 5--6           27 (30.3)
                                                              POD 7--8           48 (53.9)
                                                              ≥POD 9             13 (14.6)
  Average hospital stay (total gastrectomy)                                      
                                                              POD 5--6           15 (16.9)
                                                              POD 7--8           42 (47.2)
                                                              POD 9--10          30 (33.7)
                                                              ≥POD 11            2 (2.2)

Values are presented as number (%).

ERAS = enhanced recovery after surgery; POD = postoperative day.

DISCUSSION
==========

This is the first Korean nationwide survey that investigated the current status of perioperative care for gastric cancer surgery. We conducted this survey to collect baseline data that would help establish proper strategy for wide implementation of ERAS in clinical practice. We found that among the ERAS protocols, preoperative education, avoidance of preoperative fasting, maintenance of intraoperative normothermia, thromboprophylaxis, early active ambulation, and early removal of urinary catheter were relatively well adopted in perioperative care. However, other practices, such as avoidance of preoperative bowel preparation, provision of preoperative carbohydrate-rich drink, avoidance of routine abdominal drainage, epidural anesthesia, prophylactic antibiotics, postoperative high-oxygen therapy, early postoperative diet, restricted intravenous fluid administration, and application of discharge criteria were less well adopted. Therefore, possible solutions to overcome the obstacles that may undermine the implementation of ERAS should be considered. Finally, a standardized care protocol for gastric cancer surgery is urgently required to improve the quality of surgical care in South Korea.

ERAS is a multimodal care pathway designed to achieve early recovery in patients undergoing major surgery. The concept of ERAS involves a multidisciplinary team approach to resolve the issues that cause complications and delay recovery, by implementing scientific evidence-based care protocols and changes in management through interactive and ongoing audits \[[@B9]\]. With the increasing adoption of ERAS, updated and evidence-based guidelines by the ERAS study group are currently available for several abdominal procedures, including gastric surgery \[[@B10][@B11][@B12][@B13]\]. Recently, a few randomized trials have demonstrated improvement in the physical and psychological function of patients, and early hospital discharge by ERAS in the field of gastric surgery \[[@B14][@B15]\].

Current ERAS guidelines for gastric cancer surgery were developed by the European ERAS study group in 2014 \[[@B13]\]. Although these guidelines are limited by the relatively low evidence in many recommendations, a consensus was reached on no preoperative bowel preparation, no use of nasogastric tube or abdominal drainage, no preoperative fasting and early postoperative oral nutrition, epidural analgesia, reduced intravenous fluid administration, and early removal of urinary catheter for gastric cancer surgery. Meanwhile, there is no consensus on the standard management for gastric cancer surgery in Asia. The Japanese treatment guidelines proposed some core items in the surgical management of gastric cancer, such as removal of nasogastric tube and abdominal drainage on POD 1, intravenous fluid administration until POD 5--7, initiation of oral nutrition on POD 2--4, removal of urinary catheter on POD 1, and discharge from the hospital between POD 8 and POD 14 \[[@B16]\]. However, these recommendations hardly reflect the recent advances in ERAS. Therefore, an evidence-based standard care protocol that can be widely applied should be developed for patients with gastric cancer in our region.

Despite the large evidence to support ERAS, its implementation in real practice has been relatively slow in the field of gastric surgery. Although most surgeons in this study are highly specialized in gastric surgery, our results showed that only 50% of gastric surgeons are actively applying ERAS for their patients. Further, on detailed investigation of the perioperative care of such patients, we observed that several evidence-based practices, such as avoidance of mechanical bowel preparation, administration of carbohydrate-rich drink, avoidance of abdominal drainage, epidural analgesia, postoperative high-oxygen therapy, single-dose prophylactic antibiotics, and early oral nutrition, were not implemented in real practice, with an implementation rate of only 10%--40%. This suggests that many traditional practices that were proven to be unnecessary or even harmful are still being performed in many institutions. This could be attributed to several reasons, such as the lack of awareness about ERAS, insufficient evidence for convincing surgeons, or the lack of belief that their own institution can actually perform ERAS. To improve the implementation of the ERAS principle in surgical care, more efforts should be made by academic societies to provide relevant updated information and education about ERAS to healthcare providers. In addition, finding convincing scientific evidence through a large multi-institutional randomized trial is important to encourage the implementation of ERAS in real practice.

The protocols of ERAS were founded based on previous studies that revisited the efficacy of traditional care, and it suggests that several elements in conventional care need to be changed or abandoned to accelerate postoperative recovery. For instance, several randomized controlled trials (RCTs) and meta-analyses show no convincing evidence to support the routine use of abdominal drainage or nasogastric tube for gastric surgery \[[@B17][@B18][@B19]\]. Mechanical bowel preparation is not recommended, because it may cause dehydration and electrolyte imbalance \[[@B20]\]. Some RCTs reported that removal of the urinary catheter on POD 1 lowered infection rates without increasing re-catheterization rates \[[@B21][@B22]\]. Although long-term preoperative fasting has been a routine practice to avoid pulmonary aspiration in elective surgery, a systematic review of clinical trials has found no evidence to support this \[[@B23]\]. Thus, current guidelines recommend intake of clear fluids up to 2 hours and solid food up to 6 hours before induction of anesthesia \[[@B24]\]. Further, provision of a clear carbohydrate-rich drink within 2 hours before anesthesia can reduce hunger, thirst, anxiety, and length of stay, as well as postoperative insulin resistance \[[@B25]\]. Preventing intraoperative hypothermia during the operation can reduce wound infections, cardiac complications, bleeding, and transfusion requirement \[[@B26]\]. Enforced bed rest not only increases insulin resistance and muscle loss but also decreases muscle strength, pulmonary function, and tissue oxygenation \[[@B27]\].

Early postoperative oral nutrition is one of the most essential components to accelerate postoperative recovery in ERAS. Traditional care regimens after major operations have usually included postoperative fasting until return of bowel movement. However, this can aggravate postoperative catabolism accompanied by excessive weight loss and wasting of skeletal muscle. Several RCTs and their meta-analyses have shown no clear advantage of postoperative fasting after elective gastrointestinal surgery \[[@B28][@B29][@B30]\]. Early enteral feeding can reduce both the risk of any type of infection and the mean length of hospital stay, without an increased risk of complications from anastomosis. However, considering the risk of increased vomiting in patients fed early, multimodal anti-ileus therapy might be warranted \[[@B31]\].

A review of the data on excess perioperative fluid administration suggests that over-hydration may have deleterious effects on cardiac and pulmonary function, as well as on recovery of gastrointestinal motility, tissue oxygenation, wound healing, and coagulation \[[@B32][@B33]\]. Several studies suggest that avoidance of fluid overload and provision of no more intravenous fluid than necessary to maintain fluid balance, often guided by body weight, may significantly reduce postoperative complications and shorten the length of hospital stay \[[@B34][@B35]\]. In addition, some preliminary studies have shown that intraoperative fluid administration guided by transesophageal Doppler monitoring, called "goal-directed fluid therapy," resulted in better ejection fraction, better oxygenation, and fewer postoperative complications \[[@B36][@B37]\].

Several pieces of scientific evidence support the use of continuous epidural local anesthesia for postoperative analgesia \[[@B38]\]. However, this survey showed that only 16% of respondents used epidural anesthesia, and most of the institutions were using intravenous analgesia. Intravenous opioids do not provide the same analgesic effect as that provided by epidural anesthetic techniques, and have fewer beneficial effects on surgical stress responses \[[@B39][@B40]\]. Surgeons should appreciate the role of epidural anesthesia not only in terms of pain control but also in attenuating postoperative surgical stress response by afferent nerve block.

This study has some limitations. First, of the 161 surgeons who were selected, 89 (55.3%) surgeons responded to the survey; thus, the response rate was relatively low. Second, this survey only included surgeons who specialized in gastric cancer surgery at referral hospitals. These limitations may restrict the representativeness of the real-world situation in Korea. Nevertheless, this survey demonstrated the problems of the large heterogeneity of surgical care for patients with gastric cancer in Korea in a comprehensive manner.

In conclusion, this survey showed that there is more room for improvement to standardize perioperative care and facilitate the implementation of ERAS in the field of gastric surgery in South Korea. Despite the evidence-based benefits of ERAS, its implementation in real practice was found to be relatively low in many institutions. Therefore, active organizational efforts are required to provide information and education about ERAS to healthcare providers to improve the implementation of the ERAS program.

The institutions participating in this study were as follows: Ajou University Hospital, Asan Medical Center, Bundang Cha Hospital, Bundang Jesaeng Hospital, Chonbuk National University Hospital, Chonnam National University Hospital, Chosun National University Hospital, Chungang National University Hospital, Chungbuk National University Hospital, Daegu Catholic University Hospital, Daegu Fatima Hospital, Daejeon St. Mary\'s Hospital, Dankook University Hospital, Dong-A University College of Medicine, Ewha Medical Center, Gachon University Gil Hospital, Gangnam Severance Hospital, Gyeongsang National University Hospital, Hallym University Chuncheon Sungsim Medical Center, Hallym University Kangnam Sungsim Medical Center, Hallym University Sungsim Medical center, Hanyang University Guri Hospital, Hanyang University Seoul Hospital, Hwasun Chonnam National University Hospital, Inje University Busan Paik Hospital, Inje University Haeundae Paik Hospital, Jeju National University Hospital, Gangneung Asan Hospital, Keimyung University Dongsan Medical Center, Konyang University Hospital, Korea Cancer Center Hospital, Korea University Ansan Hospital, Korea University Guro Hospital, Korea University Medical Center, Kosin University Hospital, Kyung Hee University Medical Center, Chilgok Kyungpook National University Medical Center, Myong Ji Hospital, National Cancer Center, National Medical Center, Pusan National University Hospital, Seoul National University Hospital, Severance Hospital, Soon Chun Hyang University Hospital Cheonan, The Catholic University of Korea Bucheon St. Mary\'s Hospital, The Catholic University of Korea Incheon St. Mary\'s Hospital, The Catholic University of Korea Seoul St. Mary\'s Hospital, The Catholic University of Korea Uijeongbu St. Mary\'s Hospital, Wonju Severance Christian Hospital, Wonkwang University Hospital, Yangsan Pusan National University Hospital, Young Nam Medical Center.
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Survey questionnaire
